SUMMARY Left ventricular (LV) size and function were studied by echocardiography in 145 normal children. The LV end-diastolic diameter (EDD) and its percentage change with systole (%ALVD) were measured and mean velocity of circumferential fiber shortening (Vcf) calculated. The LV pre-ejection period (PEP) and ejection time (LVET) were determined from recordings of aortic valve motion.
the log of body surface area (r = 0.96). The mean %lALVD was 36 ± 4 (SD), and this index of LV function was independent of age and heart rate. Mean Vcf was higher, and the absolute values of PEP and LVET shorter, in younger children with a faster heart rate. The mean ratio of PEP/LVET was 0.31 ± 0.003, and was relatively independent of age (r = -0.41) and heart rate (r = 0.37). The %ZALVD and PEP/LVET appear to be particularly useful indices of LV function because they remain constant during the course of childhood.
casionally a shallow left lateral decubitus position was required to record the ventricular septum clearly.
Left ventricular dimensions were measured in the standard manner ( fig. 1 ). End-diastolic diameter (EDD) was measured at the start of the QRS complex. End-systolic diameter (ESD) was measured at the point in late systole where the septum and LV posterior wall were in closest apposition. These measurements were made with the transducer angled slightly inferiorly and laterally from the point of maximal excursion of the mitral valve in subjects over one year of age. In younger children, as previously noted by Sahn et al.,7 the mitral leaflets appear to extend farther toward the apex, and the LV diameter decreases rapidly as the transducer is directed below the mitral valve. Therefore, in infants under one year of age the LV dimensions were measured at the point of maximal excursion of the mitral valve, from a position from which both leaflets could be visualized. Recordings satisfactory for determination of LV dimensions were obtained in 143 of the 145 subjects (99%).
Left ventricular systolic time intervals were determined from recordings of the aortic valve at 100 mm/sec paper speed ( fig. 2 ). The pre-ejection period (PEP) was measured from the onset of ventricular depolarization in lead II of the electrocardiogram to the onset of opening of the aortic valve. The left ventricular ejection time (LVET) was measured from aortic valve opening to closing. An average was obtained from three cardiac cycles and the value was rounded off to the nearest five milliseconds. Recordings satisfactory for measuring systolic time intervals were obtained in 118 of the 145 subjects (81%).
During the first half of this study, 0.5 sec time lines generated by the echograph were employed. %zALVD was greater than 44% in only seven subjects and was less than 28% in two.
There was no correlation between %ALVD and age or heart rate (table 2). The constancy of %ALVD despite wide variations in heart rate is illustrated in figure 4.
Systolic Time Intervals
As expected, there was an inverse correlation between age and heart rate (r = -0.80). The correlation coefficients and regression equations relating the systolic time intervals to age and heart rate are shown in tables 2 and 3. As illustrated in figures 5A and SB, both PEP and LVET were inversely related to heart rate (r = -0.70 and -0.88, respectively). However, the correlations of PEP and LVET with age were nearly as strong (r = 0.61 and 0.81). Thus, although we have only illustrated the relationship of the systolic time intervals to heart rate, similar graphs with the opposite slope could be constructed with age as the independent variable. Very little increase in correlation was achieved by use of multiple regression analysis, simultaneously taking both age and heart rate into consideration (table 2) . For example, the correlation coefficient between LVET and heart rate was -0.88; that relating LVET to heart rate and age was -0.89.
Partial regression analysis with age or heart rate held constant showed that both PEP and LVET had a positive correlation with age and a negative correlation with heart rate (table 2). However, with the exception of the partial correlation coefficient relating LVET to heart rate with age held constant (r = -0.67), the partial correlation coefficients were all less than 0.50; those relating heart rate to PEP and LVET were higher than those for age.
In contrast to PEP and LVET, the ratio PEP/LVET was relatively independent of age and heart rate. The mean PEP/LVET was 0.31 ± 0.03. Since the slope of the regression line of heart rate versus LVET was steeper than that for PEP, the ratio PEP/LVET was slightly higher for subjects with faster heart rates ( fig. SC) . The correlation coefficients between PEP/LVET and heart rate (r = 0.37) and age (r = -0.41) were weak and in practice can probably be disregarded.
Mean Vcf
Mean Vcf, normalized for EDD, was higher in the younger children, who also had faster heart rate (tables 2 and 3). As in the case of PEP and LVET, there was an association between Vcf and both heart rate (r = 0.67) and age (r = -0.65).
The relationship of Vcf to heart rate and age simply reflects the formula from which Vcf is calculated:
The enclosed measurements represent the %ALVD which was independent of heart rate and age (table 2 and figure 4).
Since LVET is directly related to age and inversely related to heart rate, younger subjects, with a faster heart rate, had a shorter ejection time and thus a higher value of Vcf.
Discussion
We have combined two commonly used noninvasive techniques to obtain a profile of left ventricular function in nor- The %ALVD appears to be of particular value in the assessment of LV function in children because it remains constant throughout childhood. The average value of 36 ± 4% obtained in the present study, is essentially the same as reported values for normal adults.3' 20 28 This confirms the observation that the LV ejection fraction measured by angiocardiography is virtually the same in normal children 2 6 and adults. '6' 27 In the present study, the %ALVD was the same for younger subjects with a fast heart rate as for older subjects with a slower heart rate, suggesting that %zALVD is independent of heart rate. Hirshleifer et al.'8 obtained essentially the same results by acutely increasing the heart rate of adults by the administration of atropine: %ALVD (which they expressed as ejection fraction) remained constant, while Vcf increased as heart rate increased. The %,ALVD did fall, although not as much as Vcf, when afterload was acutely increased by the administration of phenylephrine.
There is disagreement regarding the relative contributions of age and heart rate to the changes in systolic time intervals which occur during the course of childhood.'93' In the present study, PEP and LVET were slightly better correlated with heart rate than age, and LVET varied inversely with heart rate if age was held constant. In general, however, the strong correlation (r = -0.80) between age and heart rate makes it impossible, and perhaps unrealistic, to attribute changes of systolic intervals in childhood to either one or the other of these variables. The mean PEP/LVET for children in this study was 0.31 ± 0.03, which is the same as that obtained in 76 normal children studied by Spitaels et al." with external pulse and phonocardiographic methods. Since , and C) the ratio PEP/L VET to heart rate in normal subjects. PEP and L VET are inversely related to heart rate. PEP/L VET tends to be slightly higher at faster heart rates. 421 ± 8 msec to 461 ± 9 msec after PA (P < 0.01). The ratio ERP-V/QT increased in seven of eight patients from 0.56 ± 0.01 to 0.62 ± 0.04 after infusion of PA (0.1 < P < 0.2). The ratio remained unchanged in one patient. This study reveals that PA increases ERP-V in man and usually increases the ratio ERP-V/QT. Thus a longer portion of the ventricular recovery period is refractory after administration of the drug. The data, which correlate with animal studies, help to explain how PA may suppress human re-entrant ventricular arrhythmias.
formed with safety and reproducibility in man.5 Total ventricular recovery can be estimated from the familiar QT interval of the electrocardiogram. In this study, we have evaluated the effects of procainamide on these two electrophysiological characteristics of the human ventricle in eight patients and have correlated the data with blood levels of the drug.
Patients and Methods
The effects of procainamide on human ventricular electrophysiologic function were evaluated in eight patients referred to the Clinical Cardiac Electrophysiology Laboratory (table 1) . The purpose and nature of the studies were described and each patient gave informed consent. The investigative evaluations were performed after completion of electrophysiological diagnostic studies for which the patient had been referred to the laboratory. In each patient, all cardiac medicines had been discontinued at least 48 hours before study.
Electrode catheters were inserted as follows: a tripolar catheter from the femoral vein across the tricuspid valve to record the bundle of His potential, a quadripolar catheter via a femoral or antecubital vein to the high right atrium for CIRCULATION 462
